HOUSEKEEPING GENES are constitutively expressed to maintain cellular function. As such, they are presumed to produce the minimally essential transcripts necessary for normal cellular physiology. With the advent of microarray technology, it has recently become possible to identify at least the "starter set" of housekeeping genes, as exemplified by the work of Velculescu et al. (2) , as well as by Warrington et al. (3) in a paper published in this journal previously. In that paper, Warrington et al. examined the expression of 7,000 full-length genes in 11 different human tissues, both adult and fetal, to determine the suite of transcripts that were commonly expressed throughout human development and in different tissues. They identified 535 transcripts via microarray hybridization as likely candidates for housekeeping genes, or, as the authors proposed, "maintenance" genes.
Among the findings of this previous study was the fact that there are constitutively expressed genes particular to certain tissues, as well as sets of genes expressed only in the fetus or only in the adult. Cluster analysis was employed to identify groups of transcripts expressed in the seven adult tissues studied (695) and the four fetal tissues tested (767). The analytical technology was able to detect fluctuations in expression between fetal and adult samples, indicating that such genes, while permanently activated, are perhaps not required at the same level throughout development. Forty-seven transcripts commonly expressed between fetal and adult samples did not vary in expression level and might serve as useful internal controls for other expression profiling experiments.
In this online release of Physiological Genomics, The 451 maintenance genes encode proteins that mediate cellular functions such as transcription, translation, and signaling. Of these genes, 358 were common to the previous study. As would be expected, differences in expression levels of the housekeeping genes from one tissue to another could be used to separate and cluster different tissues successfully according to tissue type (certainly, if these tissues can be visually distinguished from each other, than there must exist genes that accurately separate the tissues as well). Further statistical analysis revealed groups of tissueselective genes predominantly expressed in a single tissue type; for example, among the muscle-selective genes were those associated with contraction, such as tropomyosin, or with glucose metabolism, such as lactate dehydrogenase. Additionally, genes were identified whose expression levels varied the most significantly between patient samples. For example, in lung, integrin-␤2 was among genes with a coefficient of variation greater than two standard deviations from the mean. The authors (1) noted that variation in integrin-␤2 is involved in a predisposition to recurrent bacterial lung infections.
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Address for reprint requests and other correspondence: A. Butte, Children's Hospital, Boston, MA 02115 (E-mail: atul_butte@ harvard.edu). Since serum cortisol levels can normally vary two-to threefold during the course of a day, expression of particular genes in those tissues may vary severalfold or greater depending on when samples are acquired. Genes responding to other hormones, such as insulin, luteinizing hormone, or follicle-stimulating hormone, may vary at a different frequency or amplitude (for instance, gene expression peaking meal to meal, or month to month). Thus all the genes present at one point of the cycle may differ from those present at a different point. How can we expand the definition of housekeeping genes to include these genes that change as a course of normal molecular physiology?
Is a housekeeping gene expressed at the same level throughout an organ? At a rough level for particular organs, it may be the case that a few samples of liver accurately reflect the other parts of the liver. Can the same be said for muscle? Certainly, different parts of the brain and placenta may express different genes, and each sample differs in homogeneity of cell types. How can we expand the definition of housekeeping genes in this hierarchical sense; that is, if a gene is a housekeeping gene in a subcomponent of an organ, is it considered a housekeeping gene in the entire organ? Does the list of housekeeping genes constitute the minimum set of genes that need to be expressed for a cell to survive? Is there any cell type that expresses only this set of genes? If a cell requires expression of either gene A, B, or C for its normal functioning, would we consider any one of these genes in the set of housekeeping genes? How can we expand the definition of housekeeping genes to consider genes that potentially share functioning?
The list of normal genes in normal tissues described in this issue will become a valuable resource for many investigators. It is encouraging that the authors are making online queries against this data possible. Starting with this list of housekeeping genes, some of the next bioinformatics questions to ask of this data set could include the following two important items. First, over 270 genes on the HuGeneFL microarray have been annotated with the molecular function of DNA binding, and over 150 genes are known to code for proteins with zinc fingers. How do all of these potential transcription factors fare in the list of housekeeping genes? Are there specific transcription factors that are always present in every tissue? Second, over 4,900 genes on the HuGeneFL microarray have been linked to Online Mendelian Inheritance in Man (OMIM) disease entries through LocusLink. Are the diseases linked to housekeeping genes more likely to affect multiple organs than those diseases linked to nonhousekeeping genes?
Continued delineation of the transcriptome in normal tissues like the work by Hsiao et al. (1) will certainly allow these and many other explorations of genomic physiology.
